In this paper, we reported the effect of Cu doping on the structural and dielectric properties of 
I. INTRODUCTION II. EXPERIMENTAL PROCEDURE
Ceramics of Ba 2 Y 1−x Cu x TaO 6−y (0.00 ≤ x ≤ 0.50) were prepared by the standard solid state reaction method using BaCO 3 (Sigma-Aldrich, 99.95%) Y 2 O 3 (Sigma-Aldrich, 99.99%) Ta 2 O 5 (Cerac, 99.99%) and CuO (Sigma-Aldrich, 99.99%) powders. For each stoichiometry, powders were ball milled for about 12 hours, then calcined at 950
• C in the air during 96
hours. Approximately 10% in mass of polyvinyl alcohol (PVA) binder additive was added to the powders, and disc pellets with about 8 mm in diameter and 2 mm in thickness were pressed uniaxially. These pellets were annealed at 500
• C for 1 hour to decompose the organic PVA [26] , and thereafter sintered in air at 1250
• C to 1400
• C for up to 120 hours.
The crystalline structure of all samples was analyzed by XRD technique using Empirian
Pan Analytical diffractometer with CuKα radiation (λ = 1.5406Å) and Ni filter. The diffractometry measurements were carried out with 0.01
Model refinement profiles with Pseudo-Voigt function by Rietveld method were performed in HiScore Plus program using information from inorganic crystal structure database (ICSD) [27] . Both subdomain size and microstrain were obtained from Williamson-Hall plots [28] [29] [30] .
The dielectric properties of the ceramic samples were studied using a computer controlled Agilent 4980A LCR meter. An alternating voltage of 1.0 V was applied on the ceramic pellets with silver painted faces over 20 Hz to 2 MHz frequency. Nyquist plots were analyzed using EIS Spectrum Analyzer Program [31] .
III. RESULTS AND DISCUSSION
The pure Ba 2 YTaO 6 was formed only after long sintering time, 120 hours at 1400 with those reported in the literature [8, 9, 11, 12] and the decrease in the lattice parameter (see inset of the Figure 1b) can be attributed to the differences in the ionic radii of Cu
2+
(0.73Å) and Y 3+ (0.9Å) ions [32] .
The Williamson-Hall plot shown in Figure 2 gives the strain and the sub-cell domain information from the slope and the reciprocal of the intercept respectively [28] . The Rietveld refinement results obtained for all samples are shown in the Table I .
Based upon the Table I data the Cu 2+ for Y 3+ substitution may produce compensating oxygen vacancies that induce distortions in the crystal lattice, as indicated by the refined occupation and position for the Oxygen at the crystal lattice [33] . Additionally Copper also leads to the increase in the crystallite size in the Ba 2 Y 1−x Cu x TaO 6−y system.
In a double perovskite, the quantity of the long-range ordering degree (η) is given by [34] :
where M 0 is the refined occupation of Ta 5+ in the 4a (0,0,0) site or the refined occupation of Y 3+ or Cu 2+ in the 4b (1/2,1/2,1/2) site [28] . Beyond that, superlattice reflection peaks are sharper in high-ordered perovskites and the ordering degree is also related to the ratio between superlattice (odd,odd,odd) and sub-cell (even,even,even) peaks of the XRD pattern [34] . The results based upon both structure refinement and peak intensities of the XRD pattern suggest that the Cu 2+ for Y 3+ substitution may reduces the long-range ordering in BYT crystalline structure, as is shown in both Table I and Figure 3 .
The high dielectric permittivity observed in non-ordered double perovskites is understood in terms of randomic cation/valence long-range order distribution [14] , [16] . In the Ba 2 Y 1−x Cu x TaO 6−y system reported here the ordering degree decrease may also affects the distribution of both compensating oxygen vacancies and hole carriers within the grains [19] which also offer considerable contributions for the dielectric permittivity [35] [36] [37] . Figure 4a shows the frequency dependence of real part of permittivity ( ) for
It is evident that the low frequency dielectric permittivity value for x = 0.40 ceramics at room temperature is higher than for x = 0.00. The initial high value of the real part of the dielectric permittivity could be due to the drop of applied voltage across the thin grain boundary widths and space charge polarization is generated in x = 0.40 and x = 0.50 samples, which enhances the dielectric constant at the lower frequency region.
The initial high value of dielectric constant in Cu-doped samples indicates the presence of dc conductivity due to Maxwell-Wagner (M-W) relaxation process [23] , which can be better visualized in the imaginary part ( ) of the dielectric permittivity shown in Figure   4b . In accordance with Maxwell-Wagner (M-W) model, the imaginary part of dielectric permittivity can be written with the following expression [24] ,
where σ = 1/C 0 (R 1 + R 2 ) term is known as Ohmic conductivity (σ), where C 0 is a geometric factor, and R 1 and R 2 are the resistances of the real and imaginary dielectric components, respectively [23, 24] . The magnitude of the Ohmic conductivity can be determined from the slope of " vs. 1/ω graph, as is shown in the Figure 4b inset where one can see that x = 0.40 has the higher conductivity. The Eq. 2 fits well with the experimental data which indicates the presence of M-W polarization.
To understand the contribution of the interfacial polarization, complex impedance spectroscopy (CIS) was performed at room temperature. The phase angle of samples is shown in Figure 5a .
In general, the approach of phase angle towards 90
• represents the ideal poling state [38] .
So it can be observed that slight addition of Cu 2+ ions enhances the poling condition 87 exists in these ceramics due to M-W relaxation [41] .
The single semicircle for each type of composition indicates the single conductivity mechanism in the ceramics. On this hand, equivalent circuits may be represented by a grain resistance (R g ) in series with a grain boundary resistance (R gb ) which is in parallel with the constant phase element impedance (CPE), Z CP E = 1/P (jω) n , where P and n are fit parameters. CPE is identical to a capacitance when n = 1 and to a simple resistance when n = 0 [40] . The equivalent circuit is expressed by:
The results obtained from fits to Equation 3 are presented in the Table II . Table II indicates that grain resistance decreases with the Cu content while the grain boundary resistance is at least three orders of magnitude higher. Besides, the capacitance behavior in CPE element increase based upon the changes in the P and n values, thus it implies in a build up space charge polarization across the grain boundaries due to the barrier of motion of charges inside the grains which may produce the interfarcial M-W polarization effect. The non-fitted data in lower frequency region may occurs due to the high losses at the lower frequency region which are observed in the figure 4b.
IV. CONCLUSIONS
Ceramics samples of Ba 2 Y 1−x Cu x TaO 6−y with 0.00 ≤ x ≤ 0.50 were studied by X ray diffratometry, dielectric permittivity measurements, and complex impedance spectroscopy.
The Rietveld refinement of the XRD patterns reveal changes in the crystalline structure, ordering degree, and domain sizes with copper content.
The complex dielectric permittivity measurement demonstrated that the dielectric relaxation of Ba 2 Y 1−x Cu x TaO 6−y ceramics is described by the Maxwell-Wagner model.
Hence, the results shows that the disorder, charge doping, compensating oxygen vacancies, crystallite-size, and interfacial polarization contribute to the variations in the dielectric properties of Cu-doped BYT ceramics. 
